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Abstract: As a consequence of changes in the heat balance, air temperatures in densely built urban 
areas are higher than the temperatures of the surrounding country. This phenomenon, known as Urban 
Heat Island (UHI) contribute to the urban dweller's summer discomfort and significantly higher air 
conditioning loads. The effect of building is considered as one of the main reasons for urban heat 
island effect. The heat that is absorbed during the day by the buildings, roads and other construction in 
an urban area is re-emitted after sunset, creating high temperature differences between urban and 
rural areas. This paper reports the extensive field measurements carried out to investigate the urban 
heat island effect in Singapore. The occurrence and severity of Urban Heat Island effect in Singapore 
was investigated by conducting simultaneous field measurements and the results showed that the high 
density, high-rise commercial areas were having around 2°C higher temperature during the night. From 
the results it was observed that the day time temperature was dominated more by the solar radiation 
component rather than the reradiated temperature, which is the main cause of UHI. During the day, the 
dense urban fabric provided solar shading within deep street canyons and the shaded area in between 
tall buildings showed lower temperatures compared to areas with low-rise buildings. 
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INTRODUCTION 
Increasing urbanization and industrialization has caused the urban environment to deteriorate. The urban climate and 
the environmental efficiency of buildings are influenced by the deficiencies in proper development control 
(Santamouris, 2001). As a consequence of changes in the heat balance, air temperatures in densely built urban 
areas are higher than the temperatures of the surrounding country. This phenomenon, known as Urban Heat Island 
(UHI), is a reflection of the totality of microclimatic changes brought about by man-made alterations of the urban 
surface (Landsberg, 1981). In high-latitude cities with cooler weather, heat islands can be an asset in reducing 
heating loads, but in mid and low-latitude cities, heat islands contribute to the urban dweller's summer discomfort and 
significantly higher air conditioning loads. 
The effect of building is considered as one of the main reasons for urban heat island effect. Building masses increase 
the thermal capacity, which has a direct bearing on the city temperature. They reduce wind speed , and give off heat 
either directly as form of air-conditioning plants and thermal processes or indirectly as the end result of the 
degradation of mechanical and electrical activities (Tso and Law, 1990/91). Due to the lack of ventilation in urban 
areas, the city's ability to flush out pollutants is reduced resulting in heat islands (Subbiah et al., 1990191). The heat 
that is absorbed during the day by the buildings, roads and other construction in an urban area is re-emitted after 
sunset, creating high temperature differences between urban and rural areas. The urban heat island phenomenon is 
due to many factors , the most important of which are summarized as follows (Oke et al. , 1991): 
• The canyon radiative geometry that contributes to the decrease in long-wave radiation loss from within the 
street canyon due to the complex exchange between buildings and the screening of the skyline; 
• The thermal properties of materials, which increase storage of sensible heat in the fabric of the city; 
• The anthropogenic heat released from combustion of fuels and animal metabolism; 
• The urban greenhouse, which contributes to the increase in the incoming long-wave radiation from the 
polluted and warmer urban atmosphere; 
• The canyon radiative geometry, which decreases the effective albedo of the system because of the multiple 
reflection of short-wave radiation between the canyon surfaces; 
• The reduction of evaporating surfaces in the city, which means that more energy is put into sensible heat 
and less into latent heat; and 
• The reduced turbulent transfer of heat from within streets. 
Many research works have been conducted in USA, Australia, Greece and Japan to study the UHI effect in many 
cities. But studies are relatively lacking in the low tropics, particularly with respect to quantitative evaluation. One of 
the latest urban heat island studies in Singapore was conducted by Tso (1996). He selected two suitable locations for 
data collection representative of rural and urban area respectively. For the rural site, a station situated in a fruit tree 
farm at the Lim Chu Kang area was selected because of the profusion of vegetation and the lack of concrete masses 
surrounding the station. For the urban site, a station situated in the town at the junction of Sungei Road and Kelantan 
Road was selected . It was found that the temperature difference between the two sites was about 3°C, except at 
around mid-day when the difference was smaller. 
This paper reports the field measurements conducted to investigate the severity of urban heat island in the present 
context of Singapore and identifies the warmer areas. 
1. CLIMATIC CONDITIONS AND LAND USE PATTERN OF SINGAPORE 
Singapore is situated on the 1°20'N latitude and possesses a climate with uniformly high temperatures, high humidity 
and abundant rainfall throughout the year. It has a diurnal temperature range of minimum 23°C to 27°C and 
maximum 30°C to 34°C. The mean monthly temperature does not vary by more than 1.1°C from the mean annual 
temperature of 26.6°C and the average variation is 7°C with a mean annual RH value of 84%. 
Basically, Singapore is a garden city without distinct boundary between urban and rural areas. However, the two 
existing predominant green areas, the primary forest of 75ha in the middle of the island and the open 
space/recreation area in the northeast of the island, are basically located at the northern part of the country while 
most built-up regions like industry areas, the Central Business District (CBD) area and the airport are located at the 
southern part. Therefore, the northern part of the country can be considered as 'rural' area while the southern part is 
the urban area (see Figure 5). 
2. METHODOLOGY 
Measurements have been performed during a hot day of August 2002. 35 number of locations were identified for the 
whole Singapore and simultaneous temperature and relative humidity measurements were carried out with the help 
of a number of students. These locations cover the whole island and were selected based on the characteristics of 
that area. These consist of areas dominated by housing estates (both low rise and high rise), commercial areas 
including the CBD area, industrial areas and green areas like park and reservoir area. The instruments used were 
HOBO-RH, temperature sensors (operating range -20°C to +70°C, RH accuracy ±5%), shielded inside a white 
painted cylindrical tube, 20 cm long open on two sides in order to permit air circulation (Figure 2). Sensors were 
completely protected from solar radiation and the readings were taken at a height of 1.5 m from the ground level. The 
sensors were programmed to record the data continuously at every 5 seconds. Two methods were adopted for the 
data collection: one to take measurements at different fixed points (Figure 1); and another by walking around the area 
for about 45 minutes in a slow pace to record the temperature and thus calculate the average temperature for that 
area . These fixed points are based on the factors that affect the microclimate of that area. They consist of areas 
surrounded by lawn, pavements, concrete, road, water bodies etc. All the measurements have been performed 
simultaneously in two sessions: the day session between 1 pm to 3pm in the afternoon, and the night session 
between 9pm to 11 pm in the night. 
Figure1: Recording the temperature and RH 
Insulation layer 
Figure 2: Data logger and observation tube 
3. RESULTS AND DISCUSSIONS 
3.1 Temperature profile during the day 
The temperature distribution at various locations during the day is shown in Figure 3. For a particular location the 
temperature is calculated by averaging the temperature of all the fixed points. It was observed that the highest 
temperatures were found mainly in the industrial areas like Kranji, which is on the southern part, Tuas, which is on the 
western part of the island and expo, which is on the eastern part. The industrial areas generally have low rise 
buildings and the high temperature recorded in these areas could be related to the extensive usage of metal roofing 
in the buildings. The maximum temperature of 33.6°C was observed at Tuas industrial estate located in the west. 
Changi Airport also showed a very high temperature of 33.4°C. This high temperature near the airport can be 
associated with the large area of concrete runways that absorb a huge part of the solar radiation incident on it and 
later release to the atmosphere. The other areas having higher temperatures include mainly the eastern part 
consisting of Kembangan, Tanah Merah and Paya Lebar. The lowest temperature of 3D.8°C was observed near the 
Chinese garden which is a densely vegetated area. The Central Business District (CBD) area showed relatively lower 
tem peratu res. 
Figure 3: Temperature distributions during the day 
It can be observed that the day time temperature seemed to be dominated more by the solar radiation component. 
The shaded area in between tall buildings showed lower temperatures compared to areas with low rise buildings. The 
higher temperature in the industrial areas could mainly be due to the metal roofing, which is a commonly used 
material for industrial buildings in Singapore. Even though the CBD area is expected to have high temperature due to 
the extensive use of air conditioning during day time, the lower measuring height of 1.5m would give an 
underestimated value of temperatures since the heat output from air conditioners in the high rise buildings is more or 
less localised to their respective heights of installation. Studies have shown that air temperature in the streets is 
governed by more complex and regional factors. As demonstrated by experiments carried out in a deep pedestrian 
canyon in Athens which showed that lower temperatures were measured at the ground level and temperature 
increased as a function of the canyon height (Santamouris et ai, 1999). Therefore further measurements are to be 
conducted to obtain the vertical stratification of temperatures in the CBD areas during day time. 
3.2 Temperature profile during night 
As sown in Figure 4, the night time temperature varied between 27.4°C to 30.3°C and it was found that the CBD area 
is around 2°C hotter than the green areas. The average temperature of 29.3°C was recorded around the Orchard 
area which is a high density commercial area, where as the area near the Macritchie reservoir, which is a large green 
area located at the central part of the island showed an average temperature of 27.4°C. The maximum temperature 
of 30.3°C was noted near the Changi Airport. Other locations which showed higher temperatures (above 29°C) 
include Raffles place, Outram park, Clementi , Toa Payoh all of which comprise of densely populated buildings. It was 
found that Woodlands, Sembawang, Kranji situated at the northern part showed relatively lower temperatures . 
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Figure 4: Temperature distributions during the night 
In urban areas, because of the increased roughness of the city and larger heat transfer surface area resulting from 
building geometry, the effective mass contributing to the diurnal thermal storage is higher. This increased thermal 
storage moderates the diurnal fluctuation in urban temperature and delays the peak temperature. The differential in 
cooling rates and their different timing result in the largest urban rural temperature difference in the evening. 
3.3 Temperature at different zones 
In order to unearth the island wide urban heat island effect, the night time temperature data was further analyzed 
according to different regions. The Singapore Island has been administratively divided into five regions: west region, 
central region, north region, northeast region and east region (Figure 5). The area around the Macritchie reservoir is 
excluded from this zoning. According to Figure 5, central region , west region and east region are mostly 'urban' areas 
where less vegetation is planted and high density of buildings are constructed . North region and northeast region are 
mostly 'rural' areas which are near to large green areas. 
The statistical data collected within every region during the field measurement are presented in Table 1, The central 
region showed the highest mean temperature of 29°C. The maximum temperature at this region is 29.8°C. The 
lowest mean was observed at the north region, which is 28SC. The minimum temperature observed in this region is 
27.8°C, It is to be noted that the standard deviation at the central region is low (0.29) compared to other regions and 
this relatively uniform temperature at the central area could be a cumulative effect of the low airflow as well as heat 
trapped inside the street canyons 
Figure 5: Zoning of Singapore 
Table1: Statistical data for the five regions 
Sample Mean Max Min No. 
West Region 24 28.83 29.45 28.31 
Central region 39 29.01 29.75 28.38 
North region 20 28.46 29.4 27.78 
Northeast region 13 28.68 29.1 27.6 
East Region 31 28.92 30.31 28.31 
3.4. Temperature around high rise Housing and Development Board (HOB) estates 
3.4.1. Day time 
Standard 
Deviation 
0.32 
0.29 
0.42 
0.4 
0.39 
Analysis was done to compare the ambient temperatures in various HDB estates during the day. The highest 
temperature of 34.1 °C was observed at Woodlands. The lowest temperature of 31 .1 °C was observed in a housing 
estate located at Queenstown. The main difference in between the two locations was that the former point was on a 
concrete pavement in an unshaded area, whereas the latter was in a shaded area . Housing estates in Clementi, 
Pasir ris and Tampines also showed higher temperatures . In Clementi one of the locations had a temperature of 
31.7°C, which is almost 2°C less than the temperature at another location. This is significant because both the 
locations are only about 100 metres apart. This difference in temperature can be attributed to the characteristics of 
immediate surrounding . The first point of measurement was located on a lawn surrounded by trees thus providing 
shade. The second point was situated on a concrete surface, adjacent to a car park. The lack of shading and the heat 
rejection from the coffee shop located nearby was adding to the air temperature. 
3.4.2. Night time 
During the night, the difference in temperature between the hottest and coldest housing estate was 1.2°C. The lowest 
temperature of 27.9°C was observed at a point in between two housing blocks at woodlands area whereas the other 
housing estates around that area had temperatures around 28.3°C. It is to be noted that this location showed the 
highest day time temperature. For this point, the spacing between the buildings was larger compared to the other 
housing estates in Woodlands (Point B in Figure 6) and one side was open without being surrounded by any 
buildings which in turn reduced the shading effect. The highest night temperatures were around 29.1 °C and it was 
observed, mainly at east, west and central zones. It was observed that the housing estates near to neighbourhood 
parks showed lower temperature compared to other housing estates. These include the housing estates at Yishun 
and Ang Mo Kio, which showed temperatures of 28SC and 28.4 °C respectively. The other housing estate at Yishun 
and Ang Mo Kio had a higher temperature of around 29.oC. 
Figure 6: Measurement locations of HDB estates at Woodlands 
3.5. Comparison between high rise and low rise housing areas 
3.5.1. Day time 
The temperatures observed in high rise and low rise housing areas during the day are shown in Table 2. A total of 
eleven areas had measurement points in both housing categories. Out of these eleven areas, five of them recorded 
higher temperatures in the high rise housing areas than in the low rise housing areas. They are Boon Lay, Bukit 
Gombak, Buona Vista, Clementi and Pasir Ris. Generally, temperatures at areas with tall buildings are expected to 
be lower due to the shading effect. Among the eleven research areas Buona Vista was noted to have relatively low 
temperatures of 31.8°C and 31.6°C in both high rise and low rise areas respectively. This may be attributed to the 
large green areas in the surrounding. Also, Buona Vista had a lower concentration of buildings than other research 
areas. 
Further analysis of the five highest temperatures from Table 2 showed that the commonality among these 
temperatures is that they were recorded in areas without any shade. Also, four out of five of these temperatures were 
found to be located in the low rise areas. Even though there were buildings in the vicinity, they did not provide any 
shade at the fixed points due to the high solar angle. The five lowest temperatures from Table 2 were also analysed 
and it showed that most of these temperatures were recorded in areas with shade, either from buildings or tall trees. 
This again shows that ambient temperatures in areas with shade are significantly lower than those without any 
shade. 
Table 2: Temperatures at high rise and low rise housing 
Day Temperature (OC) Night Temperature (OC) 
Research Area High Rise High Rise Low Rise High rise 
Housing Housing Housing housing 
Ang Mo Kio 31.99 32.12 28.69 28.97 
Boon Lay 32.78 30.88 28.70 28.98 
Bukit Gombak 32.91 32.34 28.31 
Buona Vista 31.81 31.61 29.11 28.49 
Clementi 32.66 32.41 28.55 29.28 
Pasir Ris 33.09 32.15 29.10 28.31 
Tampines 32.74 33.29 29.10 28.87 
Toa Payoh 31.40 32.78 28.18 29.10 
Woodlands 32.71 33.47 28.56 27.91 
Yew Tee 32.45 33.57 28.82 28.70 
Yishun 32.21 33.59 28.90 
3.5.2. Night time 
As shown in Table 2, six out of the ten research areas recorded higher night temperatures of around 29.1 °C in the 
low rise housing areas. Generally, areas with tall buildings are expected to record higher temperatures at night as 
they have larger effective mass than shorter buildings and are able to absorb more solar radiation during the day, 
causing a larger amount of heat being released into the atmosphere at night. For short buildings, the heat is 
dissipated at a faster rate as there is less absorbed radiation, resulting in cooler nights. 
Detailed analysis of the five highest and lowest night temperatures showed that high temperatures were observed in 
Clementi and Toa Payoh for both housing categories. These are relatively densely populated residential areas, with 
many housing blocks in the surroundings. 
From Tables 2, it can be observed that the temperatures taken during the day and night do not differ much between 
areas of high rise and low rise housing except for a few areas as pointed out in the analysis above. Theoretically, 
areas with taller buildings should record lower day temperatures due to the shading effect and higher temperatures at 
night due to the larger thermal storage mass. However, as mentioned earlier, the high rise buildings may not be able 
to provide enough shade if the angle of the sun is not ideal. Also, the reasonably large spacing between the housing 
blocks reduced the effective shading. 
3.6. Temperature around the commercial buildings 
The maximum temperature around the high rise commercial building during the night was observed at the Orchard 
area, where the temperature recorded was 29.4°C. It is to be noted that the day time temperature at this location was 
quite low (31.1 °C). This area, which is part of the CBD area, has a compact urban form, consisting of high rise towers 
distributed randomly over continuous canyons with HIW ratio varying from 0.4 to 2. The lower day time temperature is 
due to the shading effect by buildings which decreases the direct incidence of solar radiation near the ground level. 
Due to the same reason, most of the locations in the CBD area had low day time temperatures. Other studies in hot 
dry climates reported small daytime differences between urban and rural temperatures although the maximum 
temperature tended to decrease as the HIW ratio increased (Bourbia and Awbi, 2004). In hot humid environment in 
Dhaka, Bangladesh, it was found that on average the daily maximum temperatures decreased by 4.5 °C when the 
H/W ratio increased from 0.3 to 2.8 (Ahmed, 1994). 
It was also observed that the temperatures of the commercial centres were influenced by the presence of green 
areas. However, during the day, green spaces in commercial centres do not help much in cooling the surroundings 
unless there is sufficient shading from the trees. But during the night locations near to the green areas had lower 
temperatures. In City Hall, another location at the CBD, a point near to the green area had temperature of 28.rC, 
where as other points had temperatures of 29.3°C. Similarly in Dhoby Ghaut, point nearest to a green area had a 
temperature of 28.4°C and that away from the green area had a temperature of 29.8°C. 
4. CONCLUSION 
The results of the field measurement showed a clear evidence of the occurrence of the urban heat island effect in 
Singapore, with the high density high rise commercial areas showing around 2°C higher temperatures during the 
night. The day time temperature differences were minimum which is in consistence with studies in other hot climates. 
Even though the dense urban fabric provide solar shading within deep street canyons, which is obvious from the 
lower day time temperatures, such canyons become heat traps due to multiple solar reflection and reduced albedo. In 
the comparison of the high rise and low rise housing areas, no distinct difference between the temperatures in both 
housing categories was found . This may be because the high rise and low rise housing estates in each research area 
were located in close proximity to each other without any distinct borderline between them and' thus the temperatures 
at the low rise areas might have been affected by the nearby surrounding high rise building, resulting in similar 
temperatures between both housing categories. Even though small green patches at the commercial centres 
influenced the night time temperatures, they did not help significantly in cooling the surroundings during the day. 
Hence it is recommended that more trees and plants which can effectively provide shading to be planted at the 
commercial centres in order to provide significant cooling during the day. This will also enhance the thermal comfort 
of the pedestrians. 
These results were further validated by measurements using mobile traverses between 2am and 4am after the 
midnight which showed a temperature difference of 4°C between the CBD area and the vegetated areas. 
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